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THE  PHEPARATION  OF  DIPLUOHOAMINOTRIFIUO.^^OHETHOXY- 
TETHAPLUOROSULP'Un(Vl) ,  CF^OSFj.NF^ 

by 

Leonard  C.  Duncan  and  Qoorgo  H.  Cidy 


Trlfluoromethyl  hypofluorlte  roiiots  *'ich  oulfuitetra- 
fluorlde  to  form  and  (CP^O)^SPj^^ .  If  oxygen^^^ 

(1)  0,  Paan  and  H,  L.  Roberta,  J.  Inorg.  Cheu.,  2,  1016  (196^). 

(2)  Leonard  C.  IXincan  and  George  H,  Cady,  In  print. 


l8  preoent  the  corapounda  CF,OSF.OSF_,  CF.OSP .OOSF. ,  and  CP,0SF. OOSF, OCf, 
are  also  fonaed.  In  thin  Inveatlgatlon  CF,CF  ind  SF,?  vere 
allowed  to  react  in  the  presence  of  In  order  to  learn  whether 

a  product  containing  Loth  NF^  and  CF^O  groups  vould  be  formed. 

This  turned  out  to  be  the  case.  *Tho  reactlcn  may  have  proceeded 
by  a  series  of  steps  such  as  proposed  by  0.  Pass  and  H.  L.  Roberto^ 
with  an  initiation  step  such  as 

CF^OF  +  SF^^->  CP^O-  +  SP^* 
and  then  further  stops  as  ) 

CF^O.  +  SF^-^  CP^OSP^^* 

CF^OSPj^.  +  N2F,^-->CF^0SPj^NP^  +  NF^- 


and  Uerralnablor  au 


SF,  •  +  •— >  SIVNF 

5  ?  b  .-i 

2Ch\0’->  Ci>’  OOCJ’’. 

•  The  i"F^  and  OF_l'  croup.j  were  found  to  be  ).co.i\.edi  in  cie 

2  p  • 

poalijionu  with  i-onoect  vc  each  other. 

.XdS  aavN’T.lL 

heaotlor  n.  '--Xn  tjn3.c\!.  rcan<  ;lor  . 3  ij.  el'  £• 

of  SFj^,  and  3.8  i;.  of  C.’.OF  v’gm  held  .In  }  10  ec.  f.erol  teidor 
at  njoir.  temperat  ui'o  •  for  f  ven  kiys.  tile  was  t’*.-  i  cjeiec 

and  the  vol  I't.ilC'  pr*odu(.'..'  wcj'c  nepar.ited  bj  .fractic  aa  cidlt- 
tJllation.  They  'acre;  ii  order  of  <k‘c ''C  uel.it.;  vol :  lilt/, 


(3)  G.  HI  lady  an  i  D.  S  W-ij /art'. ,  anal.  Che:a.,  ;>l ,  61*3  Ubl'.r). 


CF,0?,  SIF..,  CO}’.,  N  i*',.  .  ,  i:0  7„,  CF.0(;CI  ,  S?  3  d 

^  H  c  a  ^  ^  J  J  ^ 

CF,03FjjliF^  i).  ,*1  .  h*?  a  :ove  aui'i’teocpo  ovc^i  t  he  uUc<ntl- 

fied  material  and  the  leant  volittile  p;;v)cucl.  .oj’C  .'icitl.iJd  ly 
their  cliai'aeteid utlo  Infrared  jpeitr. 

Properti  es  of  n..]  Muf^-o  utln'Jurxf.Uci  rafluoto- 


ouIfur(VI) . — lir. perli.aontaJ  ra-ns  ireirentr,  fjivc  art  r.. l*3ci  :  eg’ 

■■/e  of  2i^tl  eo.'ti’xix  f'i  to  a  'noleoula;'  i*  e3  lyht  of.  fl'.l  ta.Lci.atcd 

for  CF,0S?,,WI^^.  Donnlt..ca  jt  C.-.vc  tenpoiaturex  she*/'  Ir  Tall*  1 
3  ^2  — — - - 

correspond  to  a  voi’uxc  ceoffJ.clent  oi'  ‘ixparulon  at  D"  of  2.0;  x  10 


o 


Temp, 

Dantilty  s/cc 


Dsusitlen  of 

O.J  3,8  15.3 

1.327  ■I-.793  1.770 


ilT.S 

1  .726 


9;.  3 

1.702 


Vapor  pi’sapures  ihown  ;.n  Txbl<5  2  irdicabi?  i.  heat  cT  'a  ooyij;al/.or. 
fivam  the;  Claualuj-Clapoyro  1  oquab.lor*  >£’  kc:  1/ iiv^; »  .  ;  Honyl. 

bpillmr  3oln.t  o)?  iiii  a  'irautor  cori:ii.;iit  cC  2.:  ’  c;  .  Tli; 

experime  ntal  data  fit  the  Jxprc  Bslon  l.o^.  0•'^^7,.]76T. 


TcVols  ri 

tapor  Pres  juref  n.f  i-f  _0Si’ ,1.'. ' , 


'•nm 

lOy.O  . 

Tanp  K, 

257.1 

•i 

'  1 

Terai 

:•'(  3.; 

i2r.2 

260.  v3 

;?t9.  • 

i^t5.9 

262.7 

2: 1.; 

20  4,  t 

2C'y.4  . 

[jo.  ’  •  1 

2:  5.. 

.  2:53.1 

275.0 

50  '•  ? 

2;  '4.: 

27  D  .0 

275.4 

2!  5.' 

.  297. V 

277.5 

00: -.5 

2:  7.: 

;3e4,5 

279.7 

oy;  .2 

2!  3.: 

563,7 

282,4 

(''•(>(1.0) 

'  •!(  0  ( 

5y3,6 

285.2 

4-23.4 

286.5 

Tho  Infi'.i'red 

npexbi'uir;  of  C?.^0S1• 

J.3  alioxfi.  jp. 

Table  III. 

Frequency,  cn.^"  Auoljnaent  Prequioi'y,  c:n. 


1271  VO 

CP 

0 

1?^'D 

CP  3tr 

J 

1L=.  VC 

CF  str 

<  >>  i. 

£ 

NP 

ii  HI  \  .! 

981  C 

K' 

J.  H.  SimoiB, 

*'  ^  kr£_^i!?3iPi'.£x  > 

.ti  r^jer: 

New  York,  /ol.  II,  1950,  p, 

(5)  NFj  h^o  MF  Stretch  li  th5i  Kt^ion,  ’I  1  .  J.'ljci 
Polo,  J.  Caem.  Pliys.  20,  1716  (I9l>  • 


Hi  olc:iu..er.fc 


rj  et. 


T.nc ,  , 


a)  d  C.  R, 


(6)  GF^Cl  and  SF^-Ei  ha\s  xodiua  a'nnrp*;  .on  i']  tl  •  eg  or. , 


The  compound  if;  cclcrleer- and  nlovJj  rca  at  vlM  gla  3  <  t  i^oora 

temperature  fcrilng  (  'iC)  ^  '  ’•^G* 

carried  out  ty  Aclgl'Lnf  t  jc  vclabJ.lt'a  a.**-**  tin  re:  •  toi  cl’ 

thl.3  tiaterfal  with  nolter  poti  03lun.  K<)>  j-l:  i  li  r:>(p  n  |  .Lf^, 

Thoorctlcal:  nltrcgon  5.??^?.  ft;-,  anal^v  i  I'oj  il  ->  In*  v.aa 

carried  out  l;y  comparirc  ti  c  .•int3t;.”c.ted  *  c?  n  m.  -  r.  uc nance 

areas  of  OiUnples  ccrtainloi,  ki  own  va  ight  of  '.’1 ‘^(  Sl  ,  'F,,  .-u'd 

CC1,P.  FounJ.!  25«^i3'^  CP  f-ucrine.  Thao  •>:tPo£i  7  .2*..’^  0^ 

5 

Ip 

fluorine*.  The  Integratcc  I  n.-T:.:’.  reuo-.v.ice  .rie  .c  of  a  p'ire 
sajf'ple  of  the  ccn^pounc  irdici  -ed  tlu.t  fur  ;v(  rj  ;>  Cl.'  or  ne  atons 
bound  to  carlon,  there  ucr-:*  2,01  bound  v,o  '  litre  gen  ..nd  +.03 


5 


bound  to  oul-'ur.  The  total  fluorine  found:  ll.lfj.  Theoretical: 
69. 8;^.  Tb;  n.m.r.  Bpoctrun  of  CP^0SFj.NP2  at  i>6,4  Fc  Is 
shown  In  Pis*  2.  The  SP  portion  of  the  spectrum  corresponded  to 
the  c3 '"®tructuro  which  the  n.m.r.  Bpectrun 


wttf  'hat  of  on  AgBCX^Y^  syatom  havln(;  the  two  Y  atomo  attached  to 
r  -rocen.  Tho  .pin  coupllnc.  JmP-3P,^'  •’np-SF„,  ''cF-SF  , 


^CF-SFg,  ^CF-SFg 
Spectra  (aoc  table  V) 


wore  eotlnated  from  both  40  and  5C.4  Kc 
.  These  coupling  values  wert>  then  ueed  to 


eitlmate  the  position  of  the  S-P  resonance  lines,  and  e  theore¬ 
tical  spectrum  was  calculated  for  an  A^EC  Bxodol.  It  was  found 
that  the  con^;>utod  spectrum  vias  In  fair'  agx'co^i.ent 
with  the  S?2^  portion  of  the  experimental'  spectrum  whon  the  spin 
coupling  constants  and  chemical  shifts  shown  In  Table  V  were 
used.  Tho  "spike"  at  lower  field- than  tho  liP^  rononance' was 
not  Identified. 


c 


Table  V 

Spin  Coupllnc  Constanta  and  Cieralcal  Shifts 


for  CF^OSFjjNPg  NKR  Spectrum 

’Typos"  fluorine 

J/Cps 

atoms 

ppm. 

ppm. 

'  difference  for 

compared  to 

the  two  "^iypes' 

the  CFj  group 

■  of  P  atoms 

H-Hr_.„6 

B  -  A 

160.0  . 

2.60 

• 

B  -  'c  .  .  .. 

i^y.2 

•  23.27 

• 

A  -  C  .  ■  ■ 

>40.0.. 

20'.  65' 

*  *  .  •  *  ♦  ♦ 
t  , 

X  li.-:  : 

•  t100.4' 

.X;-  V. 

•  12.^ 

'  •  *  *  . 

•  • 

.  •.  •  ■  •  ■•  -103.6'' 
*•  *  •  • 

-  '  1  . 

*  *  *  ' 

•i,.  .■12.8; 

}  ■-  'V;  ^ 

Y  liipurlty  , 

'  -  '.'Isplkb" 

v>X-, V. 

.  •  ^  •  i 

■  '  V  .0  ■  •  •  •  ■  .* 

-22.3.  ■ 

••  . 

•  •  .  •  * ,  *. 

'  .t  •  «  /  ;  .* 

'  -136.0' 

*.  •*  *  .  *•  *  ,  *  ‘ 

♦  .  •  .  •  •  .  ' 

•,Y  r.  V 
.  Y..'-  C. 

♦  *  \  4  •  * 

Mltrbgen  -  Y 


'  '21  6 
;•  .'2^ 
‘no 


The  pxxjxlmltj  of  the.  ctt.Uui.ilod  u.nd  expsrJj.o  iti.i  3f)ectra  ;l\iclcutes 


tliat  the  propoaod  slmcouio  is  <orrect.  A  oo.nfuirltion  of  *:he 
CP  -  SP  and  NP  -  .‘P  coupllruj  cjriotantB  with.  ,hc»Bf  cf  related 
compounds  Bupportf>  a  structUiC  v.ith  &  P^CO  .md  an  UF^  crovip 
attached  to  the  tJlfur  atom  cf  the  ^roup 

iablo  VI 
lo 

P  .  Coupilntj  l^onstarita  of  S-F  toripeundf 


Cor4Jouna 

'  ’ 

Type"  Jlaorlno 

d  ,  CP« 

Coup.'  iig 

• 

CF^SF,^'^ 

.  „■ 

•  :f  oyF  : 

.w,  -  ■ 

c.d»  .. .  ■ 

■c),-  -;s?  ■ 

,  %  S' 

•  *  •  • 

/  • 

• 

(clr,'(CP,0)' 

CF,  -  .SP  ■  .!■  ■..•  • 

•  -..^2  •  .-.  •  *  ■  '. 

*  •  • 

^  *  ♦*  * 

( fv-un  a )  CP^SP ^  ^  1 .  •  • 

•  *  .  •  •  •  *  *■ 

CP,  -^'  'sV  '  ■  .  • 

^  • 

22'.  •■;  .  . 

‘  *  %  • 

'.NP,:'-'’  3P’  •  ■  •’  .. 

'• 

?:.  .  '■  .• 

•  .  ■  •  •  2  !i- 

•  .  V  . 

;  . 

19a-  .  •  • 

•  •  *  \  * 

•  •• 

•  ^ip^'.  sPg :  ;.  •.  ' 

P  2  .  . 

• 

'^'2  ■■■ 

"  6  . 

(7)  C.  I.  Merrill,  S, 

M 

'i/lllj  ijnROn ,  3,  it  Cady 

■^nfl 

1  Ib  F.  /t;.oro 

J.  Liorg.  Chem, , 

i.- 

n:  (1902). 

(8)  A.  L,  logothetls. 

G. 

M.  Sciuson,  R.  J.  Ploda, 

0, 

Iiorf.,  Chen., 

2,  m  (Ui65). 

(9)  ThcBo  vaLueo  ttirs 

ob 

;e.lried  fro.n  the  sp^rctrum 

of 

this  compoiuid 

r-eported  by  Q,  H. 

Cttly,  D»  F*  Eggorii,  Jr,,  and  li 

i.  '-’it tie. 

Proceediaga  Chom. 

i\o 

J.,  6-6  Fob. 

Jr 
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(10)  M,  Lufltlg  and  0.  H,  Cady,  J.  Inort;.  Chera.,  >33  (196>). 

The  respective  CF^-SI'  couplint;  ccnutanto  In  CF^OSP^^NP^ 
are  of  a  macnltude  that  might  be  expected  for  a  CF^  group  bound 
through  oxygen.  Interacting  with  sulfur  fluorines  at  90®  and  180? 

The  observed  NF-SF  coupling  constants  arc  also  within  the  range 
that  might  be  expected  for  a  NPg  group  bound  directly  to  sulfur. 

Tho  els  structure  of  the  compound  Is  In  accord  with  the  reported 
structures  of  other  derivatives  of  SF^  foxnicd  by  direct  oxidation 
of  SP^,  Cl8-(FS0^)2SF^,^^^^  clS-CP^SO^SF^i^^)  c1b-(CF^0)2SP^ ^ ^2) 

(11 )  Jean'ne  M.  Shreevc  and  0.  H.  Cady,  J.  Amer.  Chem.  Soc., 

4521  (1961). 

(12)  C.  I.  Kerrlll  and  0.  H.  Cady,  J.  Amer.  Chem.  Soc,,  8^, 

909  (196>). 
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